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STRATOSPHERIC LIGHTER THAN AIR VEHICLE 

This Invention relates to lighter-Uian-air vehicles and in particular to such ^ vehicle for 
providing a stratospheric platform suitable for teiecommunicatlons and other electronic 
equipment operations. 

The basic requirements for such a vehicle are as ibilows: 

• able to fly autonomously by pre-programmed or remotely controlled autopilot 
signals from a ground station; 

• launch from the ground station and ascend under free flight to operational height 
wi thout damage or loss of operat>iUty : 

• able to carry at least 1000 kg (1 tonne) payload in a manner suitable for the 
purpose: 

• able to house and protect the payload from adverse environmental effects; 

• able to provide sufficient power for operation of the payload systems; 

• operatbn ai 20 Km +/- 1 km above sea level; 

• continuous free flight operation for periods not less than 30 dey^ - 90 days as a 
goal; 

• ability to remain within 1 km radius of a geostationary position at the operational 
height; 

• able to descend under free flight to the ground station without damage; 

• able to be captured from free flight at the ground station ; 

• able to be moored and held indefinitely at the ground station: 

• able to wiUis^nd wind ronditions whilst nrnsored up to 50 kts without damage; 

• able to withstand storm conditions whilst moored under v/inds gusting to 80 kts 
without breakaway; 
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• able to be maintained at the ground station using standard lew reach equipment; 
» able to be recovered safely to ground level following power system failure; 

• able to be operated from ground station set-ups In locations typically accepted for 
normal aircraft Operation; 

• able to be packaged and delivered by road; 

• able to be assembled, inflated and set up for operation at a ground station 
mooring sits; 

• able to achieve high utilisation compared wifli commercial aircraft; 

• to have significantly lower costs (for purchase and operation) than a conventional 
airship able to operate at the same altitude with the same payload; 
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Lighter-than-air (LTA) vehicles, typically balloons/aerostats and airships, can be used 
as aerial platforms to cany various payload arrangements. Their slow speed plus abWty 
to float without need for aerodynannic lift generation (to carry their weight) or 
dtetuft»anoe of the sumsunding atmosphere, quietly maintain station over a ground 
position with little effort for long periods of time and provide a siable. vibration free 
environment with all reiund unobstructed views of the surface below are advantages 
Ideal for aerial surveillance or other area coverage roles. Recently over the last 10 
years or so there has been purposeful Interest to use LTA aircraft In the stratoephere 
as platfomis for telecommunications and other electronic systems. This has not oome 
to IruiUon yet due to the difficulties invdved In making a suitable vehicle. 

The idea evokes Interest since at such heights LTA vehicles would be able to perform 
similar roles to satellitos. although with very much reduced cost and better 
perfomfiance. Also, they could be recovered and re-deployed whenever conditions 
were suitable (an aspect too difficult and expensive for satellites to do generally) and 
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may be used as rfelay points for satellites, other aircraft or gmund systems - to extend 
and enhance esdsting communication syetams. 

Currently, there are no comrnerdal LTA vehicles able to fulfil the role outlined In the 
above basic requirements. Interest has led to proposals for extended ahship use. since 
(to maintain a geostationary position - rather than drifting In the wind) direcfional 
control and flight against air currante, plus vertical drafts, are necessary. Tethered 
aerostats also have been consider«l. but the weight and deploymenl/recoveiy 
problems with such long tethars make these unsuitable and they are not able to 
maintain geostationary positions with sufficient accuracy. The tether also is a hazard to 
lower flying aircraft and is not easy to detecL 

A basic problem that the vehicle mi«t solve in o«Jer to attain and be capable of 
operation at the required altitude and be recoverable, is expansion of the lifting gas 
without mpture of the containment c^l. or unwanted gas release. E)cpanslon of the 
lifting gas will be considerable (about 15 times the volume of lhe Initial ground lev^l gas 
fill charge at the operating h^ght). 

For an airship to operate and be controllable It must maintain its basic shape and 
rigidity. Non-rigid airships do this by. pressure stabilisation of the gas containment 
envelope (also the airship's hull). To avoid loss of gas. non-rigid airships use internal 
cells (hallonels) filled with air to keep the air separate and mate up the fill deficit 
necessary when the airship is at low altitude ' After filling, by pumping additional air Into 
the. ballonets the envelope is pressurised and by releasing air fnDm the ballonets via 
valves an overpressure situation Is avoided without releasing the lifting gas. Also, the 
super pressure generated Is regulated via a control system to maintain constant levels. 
A ballonet sized with at least 33% of the envelope's capacity would be necessary for a 
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non-rigfd airship to maintain adequate form throughout the ascent and descent. 
Discharge valves and blowers also must be provided of sufficient capacity to 
accommodate the respective rate of expansion or contraction of the gas during the 
dimb and descent, depending on the vertical velodfy and environmental effects. The 
power requirements and resultant vweight of tliese systems will be of significant 
consequence. 

: A rigid airship, whidi allows its gas cells to expand freely and contract within the hull 
fiamevuorlc. would face similar problems - although blowers would be unnecessary. 
The main problem her« is the sizB of the structure (and consequent weight) that 
results. An airsNp with about 350.000 to 400.000 m' capacity would be necessary to 
meet the atiove requirements. 

Very large manned free balloon systems have been succesafully used and are able to 
endure variable conditions over extended periods. Compared with a!,^hips. which are 
subject to super pressure levels to stabilise and stiffen their envelopes (r^uWng In 
heavy febric weights), such balloons ai^ able to utyisa naturally shaped anvelopas that 
require no additional pressurisaUon oth^ than that resulting from the gas pressure 
head. These envelopes may therefore be of veiy lightweight fabric, enabling smaller 
overall size, reduced cost and improved handling ability. 

Simple balloons, which just float in the air stream (moving with it), however, are not 
subject to such adverse conditions as would be experienced when there is relative 
airspeed. Also, their lack of stiffness makes It difficult to mount or operate thrust 
systems and their envelope surface does not adapt very weH to mount solar power 
panels. Additionally, the gas expansion causes a significant envelope profile change as 
the baHoon transits between ground level and the stratosphere: being at low altitude a 
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• very long inverted tear drop {bulbous head with Icng vertical gathered and tapering tail) 
whilst at high altitudes reduces vertical length and fills out to a spherical shape. These 
aspects make them very difficult to adapt. 

Lastly, solar power has been discussad above without explanation for its use. Any LTA 
vehicle able to attain the height required will take quite a long time to do this, through 
difficult olrcumstances and wth similar aspects when returning to the ground, which 
should not be repeated unnecessarily. Users of the platform also will want their 
systems to remain on station for as long as possible .(30 days or more). Large 
quantittes of consumable fucsls. if used alone, would therefore need to be carried 
adding weight that must be buoyed. This Is an escalating effect on the reailting vehicle 
size that makes it unviable. Also, as the fuel is used, the gross weight reduces- The 
buoyancy or gas lift, however, remains more or less constant (depending on external 
environmental conditions) so would cause the vehicle to rise if thrust is not employed to 
counteract the accessional imbalance - otherwise the lifting gas must be vented to 
reduce i?uoyancy. 

This is a common problem for airships, which normally counteract the imbalance with 
aerodynamic lift on the hull (as a lifting body). To generate aerodynamic lift airspeed 
and a means for pitch control plus a suitable lifting body shape are necessary, adding 
complexity and thus weight plus oosL Water recovery from the burnt fuel has been 
another way to maintain constant weight of the system. Regardless, these are features 
that this proposal seeks to obviate. 

Solar energy, which can be harnessed via collector panels, provides a way to generate 
power at constant weight and should be available over long periods, so is a natural 
choice as the prime method for power generation. In the stratosphere there should be 



UHuntNiib SHAW Ik ASSOCIATES j 



0121454452S; 



4 -Nov -03 18:33; 




6 

HtHe to interfere with this process although in the lower atmosphere wilh cloud cover 
and at night, a secondary means of power generation may be necessary. Provided that 
big enough solar panels can be Installed with sufficient efficiency and batteries installed 
adequate to provide power through the night the system should be able to cope. 
Nonetheless, as backup and to serve needs for the payload systems other more 
conventional methods also may be employed. These, of oouree. would need to be able 
to operate in the stratosphere. 

The present invention will now be described by way of an axampie. with reference to 
the accompanying drawings In which: 

Figure 1 Is a side view of a flghter-than-alr vehlefe constructed in 
accordance with the present Invention showing the vehicle in a moored 
position; 

ngure 2 Is a side view of the vehicle of Figure 1 In a second moored 
position; 

Figure 3 Is a side view of the vehicle of ngure 1 In a pr&-launch or post 
recovery position; 

Figure 4 is a side view of the vehicle of Figure 1 showing the vehicle In a 
free flight position at low altitude; 

Figure 5 is a side view of the vehlde of Figure 1 showing the vehlde in a 
free flight position In the stratosphere; 

Figure 6 shows a plan view of part of the support structure of the vehicle of 
Figure 1. 
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Referring to Rgures 1 to 8. the llghter-tban-alr (LTA) vdhfde oomprfses an upper 
envelope asdembly 1. a stiffening ring assembly 2, and a lower envelope assembly 3. 
In operation, the upper envelope assembly 1 Is inflated with a lifting gas such as helium 
or hydrogen and the stiffening ring assennbly 2 constitutes the main strucluial 
component of the LTA vehicle. The lower envelope assembly 3 provides a resen/e 
compartment fo contain the lifting gas from the upper envelope chamber 1 as It 
expands, mainly through ascent, and untU contracting through descant or other climatic 
changes. 

The basic components of the LTA vehid© archest seen in Figures 3 to 6. . . 

The upper envelope 1 is made of a membrane 4 of gas Impemieabte flex&le fabric that 
fs attached in a gas-tight manner around Its perimeter to the ring 2 at a location 
tangential to the upper outer cjuadrant of the cross-sectional diameter of the ring 2. A 
second membrane 5 of gas impermeable material la attached to the ring 2 below tha 
upper membrane 4. -me second membrane 5 provides the main outer boundary of the 
second envelope 3. A diaphragm 6 is attached to the ring 2 at a location between the 
first and second membranes 4 and 5. As explained below, the diaphragm 6 may 
either be pemianently attached to the ring 2 and provided with controllable openings to 
allow IKlIng gas to flow into the second lower envelope 3 and return, or it may be 
detachable from the ring 2 after the LTA vehicle's assembly/inflation, prior to first . 
ascent of the vehicle as will be explained In more detail later. 

The membrane 5 Is of a distended conical shape and is attached at its uppermost 
perimeter to the ring 2 in a gas tight manner. At the lowermost end of the second 
envelope 3 there is provided a lower ring 7 and a closing gaiter 8 connected between 
the . lower ring 7 and the paytoad suspension system 10 so as to allow vertical 
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movement of the lower edge of the membrane 5 relative to the suspension system 10 
as explained later. A payload capsule 9 id carried by a suspension system assembly 
10 from the stiffening ring 2. as will be explained later. The tower ring 7 Is 
Interconnected with the capsule 9 by a tensioning line system 1 1 shown In figure 3, 
also as will be es^lained later. 

The upper ring 2 is the main structural member of the LTA vehicle and comprlsas 9 
torold of nomially 60 to 100 metres diameter having a circular cross sectional shape of 
typically 1 to 5 metres diameter. The upper ring 2 must be constructed so that It holds 
its shape, and provides a chassis on which the other components of the vehicle are 
mounted. 

The upper ring 2 may be filled with the lifting gas (to help cany its weight), but It is not 
intended to be the main container of the lifUng gas and it does not provide the main huH 
body- It is there primarily as a stiffening nrtember. It also may act as a reserve chamber 
to store helium, it also is pressurised to a much higher level lhah that of LTA vehid© 
envelopes in general and of envelopes 1 and 3 here. 

The tube of the upper ring 2 may be constructed as a conventional thin walled rigid 
shell, or made of pressure stabilised fabric membrane material. If the later, then a 

pressurisation system 12 will be needed to inftale the ring 2. A non-rigid pressurised 

ring 2 is preferred, since this will be more consistent with main envelope attachments. 

will be more flexible (to avoid damage under overioad situations) and will enable 

delivery of the complete envelope fully assembled. 

The lifUng gas may be utilised as the medium for pressurisation of the upper ring 2, 
talcen from the upper envelope chamber 1. As a relatively small crcss-sectlonal 
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■■ diameter tube, tne ring 2 vrould be subject to high Intemai pressure compared with 
nonmai airship envelopes, since the resulting membrane stress is proportional to 
pressure and radius. Thus, whilst a typical eirghip envelope would be subject to about 
600 Pa super pressure, the tubular ring 2 if of 2 metres cross-sectional diameter would 
need about 35,000 Pa (0.35 bar). As such. smaB atmosphertc changes will have litUe 
effect (compared to effects on a normal airship envelope). The system 12 to 

■ accommodate this would be quite small, light and of tow power consumption. Tliis 
method may also serve as a means to adjust the buoyancy and accommodate the 
main envelope 1 gas volume changes by storing gas within the ring 2. 

The upper siiffening ring 2 provides the main stmcture to support the Other features. A 
secttndaiy pressure means 13 to pressure stabilise the tubular form of the ring 2 will be 
necessaiy if It Is of non-rigid form. Air may be used for this purpose, to avoid loss of 
the lifting gas from the main envelope chambers 1 & 3. This may be by an independent 
blower system 13 or via a valve and duct system to divert the flow fif there is primary' 
blower redundancy). PresBure management of -the stiffening ring 2 adopts similar 
methods to that for non-rigid airship envelopes, except that it must worit at much higher 
pressures, so the blowers do not need to operate all the time (only to mainlain pressure 
if the ring pressure faUs). 

The tubular ring 2 Is fitted with intemal bulkheads (not shown) that stabilise Its fomi and 
which are used for attachment of other parts. Ballonets 14 also may be Installed within 
the ring 2 to contain air for pressurisation. The upper ring 2 Integrates with the thrust 

unit support structures IS that are provided as hard stnjctures. each with a pylon (not 

shown) to support the respective thrust units 16. 
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fntegralion trfth© tubular ring 2 with the hard structure 15 may be by simple clamp ring 
.techniques. This is not the only way but is a simple and reliable technique known to 
worie The bulkheads within the ring 2 also may be of fabric material and should fi^ly 
allow the passage of gas (& people) between each cell. The ring 2 provides the 
mounting point? for radial support ties 17 (of the suspension system assembly 10) that 
connect to a central vertical suspension line 18 (described later), and for mooring and 
handling lines 19, 2a The bulkheads within the ring 2 would be used to transmit load 
from tWB radial support ties 17 and the mooring & handling lines 19. 20. 

The upper envelope assembly l provides the main chamber region for the lifting gas 
and is subject to gas pressure head only. As such It can be made from reasonably 
lightweight fabric, since it Is not a main stnjclural Item. The upper ring 2 is used to 
cany such structural loads, in addition, the upper envelope 1 provides the mounting 
surface for soiar energy collector panels 21. It is expected that the whole upper 
surface of the envelope 1 wouW be covered with solar paneb 21, separated from the 
membrane 4 by an insulating layer (not shown) to reduce heating effects and to protect 
the envelope 1 from direct environmental effects. 

After Inflation, the upper envelope 1 is expected to be penronently filled with lifting gas 
due to natural effects that cause the gas to settle in the upper chamber. As such its 
shape is unlikely to alter very much, so should be stable and thensfore suitable to 
mount the solar panels 21. A shallow domed shape with large r^ius is envisioned, 
since that Is all that should be necessary to contain the Ufting gas charge at ground 
level. If stiffening is required, then secondary Inflatable radial tubes (not showrt) 
extending from the main stiffening tube 2 and fUled with the high pressure gas may be 
used for this purpose, providing ribs. However. It is unlikely that this will be necessary. 
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Electrical lines (not shown) from the solar panels 21 will be ted away via conduit routes 
(not shown) around the m^in stiifening tube 2 to the thaister support structures 15, 
where It Is ^pected that main electrically driven power system components and 
batterlaa (not shown) will be Installed. 

The membrane 5 Of the l&wer envelope assembly 3 connects at Its upper end to the 
outer surface of the stiffening ring 2 at a tangent position when Inflated via a continuous 
gas tight joint similar to thai of the upper envelope 1. This joint Is expected to be Just 
below ihe stiffening tube's 2 equator position, such that the fabric weight hangs freely 
without causing peel effects and can .wrap around the tube's 2 outer lower quarter 
segment The lower envelope assembly 3 is expected to be almost, If not fiHiy, 
collapsed at ground level. It pn^vides the large expandable chamber region for the 
lifting gas to expand Into and Is only siAject to gas pressure head effects when the 
lining gas expands into it As such It can be made f njm very lightweight fabric. 

At ground level It is expected that the lower envelope 3 would be drawn in by 
etmospheric effects when lifting gas is compressed to its original vplume by 
atmospheric pressure to resemble a dangling tall as shown in Rgure 3. This is normal, 
and will allow the main tail to be moved to one side as shown in Figures 1 and 2, 

further allowing the upper envelope 1 and main stiffening ring 2 to be held with its 

J 

mooring lines 19 near to the ground (without arTeoling lower end features). 

The mooring lines 19 will connect at bulkhead positions to the main stiffening ring 2 
between the upper and lower 4 and 5 membrane joints. These can be used early in 
the assembly of tlie vehicle and during inflation sequence, enabling In-fleW build 
arrangements without a hangar. Whilst twelve positions are shown, this Is only 
illustrative (to show the. principal). Although twelve is a reasonable number (providing 
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redundanq^ against failures) the actual number of attachments should be decided from 
• a formal analysis taking account of failure aspects. 

Ability to hold the vehicle close to the ground in a stationary manner and pemilt 
construction without a hangar are significant benefits compared with cunent airship 
practices. These aspects will aid deployment of the vehicle over wide regions, reduce 
maintenance costs plus difTKultles and enable severe stonn conditions to be endured. 
The amangements also faclHtate decommissioning for transport to another site or back 
to a hangar for repair work. 

The shape of the lower-envelope 3 when fully filled by the expanded lifting gas Is 
expected to be a distended cone as shown in Figure 5. Other shapes are possible, 
including completion of the upper envelope 1 profile to result in a sphere. This would 
affect the joint position and the placement of the tmst units 16, hut not the overall 
concept Final shape may therefbre be decided by the developer. 

The lower ring 7 is fitted at the lower edge of the envelope 3 to reinforce and maintain a 
constant circular lower edge proflle. and provide means to Interconnect via a tensioning 
line system 11 with the payload capsule 9. The payload capsule 9 is itself supported 
via an independent suspension system assembly 10 from the main stiffening ring 2, 
obviating effects due to lifting gas expansion and contraction. Arrangement of the 
suspension system assembly 10 Is as follows. Radial support ties 17. similar In concept 
to the spokes of a bicycle wheel, extend flrom the bulkhead connection points of the 
main stiffening ring 2 to an upper central hub 22. From there, a long vertteal 
suspension line 16 descends to a lower support hub 23 above the capsule 9. Short 
suspension lines 24 dwcend from the kwer support hub 23 to connect the capsule 9 at 
Its interface points. Conduit may also follow this route to provide necessary power, 
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Signalling end control over the upper mounted systems thus guaranteeing that line 
lengths can bs maintained. The tensioning lines 11 attached to the lower ring 7 are 
connected to the capsule 9 via a spring reel (not shown) mounted on the capsule 5 to 
enable them to be retracted, thereby to pull gently the lower ring 7 Into position on top 
of the capsule 9. The gaiter a connected between the lower ring 7 and the hub 23 
allows for vertical movement of the ring 7 relative to the hub 23. This is necessary 
since, when the lower envelope 3 collapses due to .contraction of the gas as the vehicle 
descerids, it b expected that the lower envelope 3 will draw up as shown in Figure 3. In 
reverse, as the vehide ascends the lower envelope 3 will extend downwards as shown 
in Figure 4 until the lower ring 7 sits on the capsule a. It will then fill out as further gas 
expansion occurs. These simple features should. maintain ar^nment In a stable way, 
freely. allowing the shape of the lower envelope to chahge without affecting ttie 
capsule's suspension or control and signal lines" length (between the capsule and 
upper envelope), yet providing a seiKjndary load path for capsule support and 
stabilfeation under abnonnal CJixajn^lances. .. 

The payload suspension system 10 parts may be made using existing materials and 
parts that generally are stodc Items, although some parts (such as hubs 22. 23 and 
attachment brackets) may need to be developed to suit. CarefUl attention to the 
selection of materials and the detail anangements wlH be necessary to avoid damage 
due to lightning strikes. Nonetheless, development and constmctlon would follow 
normal aircraft practices, so do not need elaborating In any detail here. 

Vertical load from the payload capsule 9 Is carried to the upper cenlnsi hub 22 and 
thence via the shallow angled radial support lines 17 to the stiffening ring 2. With a 
shallow angle, a single line 17 from each side to support the central vertical line ia 
would generate high load. However, by utilising several pairs of support Rnes 17 In 
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duch a radial fashion the load may be spread equally between them, enabling a high 
vertical suspension load to be supported centrally without high loads being generated 
in the upper support Unes 17. Each supiport line 17 therefore applies an Inwan:! load on 
the stiffening ring 2 that must be reacted. The toad Initially Is earned by the bulkheads 
of the stiffening ring 2, which in turn transfer the load In shear and tension to the 
stiffening ring tube 2. The radial loads cause compressloa across the section of the 
stiffening ring 2 that resists the One 17 forces As a flexible fabric structure, this 
compression is resisted through the stiffening effect of its pffessurisatlon. thus enabling 
the support without significant change to the overall geometry. 

A further additional feature that may be considered is the addiUon of a rigid pole (not 
shown) frotn the upper central hub 22,verticaBy upwaixis though the mid point of the 
membrane 4 of the upper envelope 1. if the membrane 4 Js provided with fitting© and a 
gailar (not shovm) at this position to seal the penetration, the pole may be held from 
toppling by the membrane 4 and used as a nrwst. mounting above it for other purposes. 
Such purposes could be to: mount Instrumentation, a flag, lights, lightning protection 
faclDties. obseivation cameras, a telescope, an upper piptecHon canopy (perhaps, 
whilst moored, to keep snow off the solar panels or to use as an insulation layer to 
maintain an even gas temperature through day and night), transmitter/receiver 
equipment, a radar antenna. Vertical toads from the pole would be cam'ed by the 
suspension system 10. The axial feature may also be used as a route for conduit lines. 

As described above, the lower envelope 3 at its bottom edge Is temiinated by a ring 7. 

This leaves the envelope 3 open at the bottom with the possibility that the expanding 
lifting gas in the space bounded by the lower membrane 5 could be vented. Whilst this 
Is unlil<ely, the aperture should be closed by a further fabric gaiter 8 (conically shaped) 
and fitted between the envelope-s lower ring 7 and the capsule suspension system's 
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lower hub 23. This gaiter a would flex In3lde out and back again a$ the lower envelope 
3 moves up and down respectively. The garter 8 also would need a non-flexible portion 
next to the support hub 23 for bulkhead connectors (to enable the control and other 
conduit lines to pass through). 

It will be appreciated that the capsule 9, with Its payload and: necessary systems wHI be 
reasonably heavy and is under slung ata very low- position below the upper stnicture 1, 
2, 3. Also, the lower envelope 3 provides weight that is fefrly low. . Tliese masses 
should provide strano pendulum stability to keep the essentially lenticular upper 
structure shape (when at low altitude) from behaving aerodynamlcally In an unstable 
manner. When the lower envelope 3 Alls out <at high altitude) this would no longer be a 
problem. Nonethelew, if it is found io be a problem, further lines (not shown) could be 
installed directly between the main stiffening ring 2 and the capsule 9 to obviate any 
flexure of the lower envelope - forcing the whole arrangement lo behave as a single 
body. Alternatively, the long handling lines 20 could be connected to the capsule 9 to 
undertake this function. A disadvantage of these line connections is that they would 
interfere with the free expansion of the tower envelope. Since solutions exist and this 
is thought to be not a problem, there is no need to discuss It further 

The handfing lines 20 can be extension parts connected to the lower ends of particular 
mooring lines 19 that enable the vehicle to be restrained whilst fully extended {as 
shown in Figure 3). This normally only would be prior to a launch or after capture. Tlie 
lines would be used with winch gear- (not shown) to haul down or let up the upper 
inflated sfrudure 1. 2. 3 against buoyancy to a height whare the mooring lines 19 may 
be connected as shown In Figure 2. When properly secured by all of the mooring lines 
Itie capsule 9 and lower envelope 3 tail should he car^rfully moved to one side out of 
the way. The upper inflated stmcture 1. 2 should then be hauled right down to Its . 
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lowest level and re-secured by the mooring lines 19 (as stiown in Figure 1) lo hold It 
safely against adverse weather. 

Capture (the reoove^ry action, when the vehide Is first caught by the ground crew and 
connected to a ground anchor) and Launch (the release action, when the vehicle is 
finally let go t>y the ground crew from Its last anchor point) are facilitated by ci single 
ime 25 below the capsule 9. This «ne 25 Is used to pull down the floating vehidd to the 
ground and then tie-off to hold it in position. This action pnabably can be undertaken 
using manpower effort assisted by the vehicle thrust units 16 and will require a central 
mooring site anchor fitted with d ring (not shown) to pass the cable through and a tie-off 
point to one side (not below the capsule), which also can be a ring on a ground anchor. 
Once capiKired. the handling lines 20 would be connected followed by haul down of the 
upper structure 1, 2. as described above. When, restrained by the. handling 20 and 
mooring lines 19 the recovery/rBlease line 25 would be disconnected from the anchors 
to penrit movement of the capsule 9 to its side parWng position. 

if needed, for whatever reason, the recoveiy/release line 25 also may be used to move 
the vehide to a new position using a floating technique, where the vehide is connected 
to a heavy surface mover (tug or tow vehicle) then ballasted to a light condition (where 
buoyancy exceeds gross weight) to maintain line 25 tension and finally towed to its new 
position. This could be necessary if the vehide is unable to return to As ground station 
Ibr recoveiy purposes. The handling lines 20 also may be used for this purpose with 
additional surt-aoe movers to pn:>vide restraint during the transit 



The recovery/release line 25 also nnust be able to discharge staUc eledridly from the 
vehide to ground. Procedures will be necessary during captui^ or launch that 
personnel do not handle the lines 19, 20, 25, until static discharge has occurred- This 
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will necfessitate the line toudiing the ground before the ground crew recover the line. 
The line 25 also may be used as part of a lightning protection and dischange system. 
The particular arrangement? ft>r lightning strike pre>tecHon are within <he capabilities of 
persons skilled in designing such systems. 

The payioad capsule 9 is the housing for the payload and the vehicle's main systems, 
such as: Electrical, Control, Avlonic, Pfessurisatlon, Fire Detection and Suppnesslon. 

. Erwironnienial Control, Auxiliary Powerv Ballast and Miscellaneous Equipment. These 
are all typical of ^rshlp and other alrcratt Installations, so do not need elaborating in 
any detail here. K.is expected that existing technc^ogy would be adapted and used to 
fulfil the needs. The payload capsule 9 Itself is envisioned to be constructed as a 
vertical cylinder with dished upper and lower end caps, as a pressure vessel. It would 

• be provided with a floor, oelling, windows, doors and interface positions suitably 
reinforced and stiffened a& necessary to suit the purpose. It is expected that it may 
need to be pressurised to provide the necessary environment for the payload. Its 
development and construction would follow normal aircraft practices, so do not need 
elaborating in any detail here. 

. Since the payload capsule 9 could be damaged when the vehicle returns to the ground, 
fenders (not shown) would be necessary. These could be obviated if the operator is 
confident enough, but this is not recommended. Various types of fender may be used, 
such as: bumper, pontoons, wheeled shock absorber legs, skids, etc, to suit the 
operational circumstances. The preferred choice is a sprung skid arrangement (not 
shown) at three positions around the capsule 9 that use a large rotating dish as Ihe 
skid (similar to same castors) and acting as legs to support the capsule 9. 
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For control of the vehicle ducted propeller thrust units 16 driven by electrical motors 
behind a pnapeller are used. The propeller iiaelf should have variable blade, pitdi angle 
control to enable varying amounts of thrust both fonward and reaftvards to be 
developed. This also will be necsessary to suit the dWerent environments from sea level 
io the stratosphere and to provide precise control, particularly during launch and 
capture. 

Power for the motor would be drawn from the electrical installations housed in the 
thrust unit support structure 15, as discussed - above. Additional small and . self 
contained au)dllary power units (not shovm) may also be installed in .the thrust unit 
support structures 15. to overcome short lenn needs If the solar panels 21 and their 
accumulators (batteries) are unable to provide sufficient supply (perhaps at night). 

• Whilst Just two thrust units 18 are shown In the figures, the minimum for conect 

• functioning, further units could be Installed (improving failsafe aspects). This however, 
does not alter the concept. These arrangemenls are similar to those already developed 
for other uses - except that they must be able to perform adequately In the 
stratosphere. 

In order to control the vehicle In any direction each thrust unit 16 would be provided 
with a vector system (not shown) to rotate the duct fbr alignment of the thivst. as 
desired. Several airships and other aircraft have used such mechanisms for similar 
purposes, so this does not need to be elaborated. 

In addition to thrust control other controls will be necessary, such as: 
« ballast dump - to reduce weight 
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• helium valvas- to reduce aerostatic lift 

• envelope, rip or holing system - to destroy aerostatic lift . 

These are standard airship festtures, the particular arrangements of which will be within 

ttie scope of knowledge of persons skilled in the art- 
Navigation lighting (not shown) and a transponder (not shown) will elso be necessary, 
to comply with the Air iMgviggtion Order. These are mandatory, the particular 
. an-angements of which will he within the capabilities of persons skilled In the ert. 

, At the height of operation in the. stratosphere, the vehicle is unlikely to be a hazard to 
most aircraft. It probably will not have an easily detectable radar signature, so the 
vehicle should be provided with a radar reflector to enable^lracklrtg If circumstances 
(such as total power faflure) could occur where the transponder and GPS system 
cease to ftjnctlon. If total power failure does occur, as an LTA vehicle, it should 
continue to float In the stratosphere but will drift with the prevailing air ouirents. 
Ultimately, the vehicle will need to be brought down under controlled drcumslanoes 
and before conditions deteriorate - causing It to come dowvn unexpectedly. Emergency 
backup batteries therefore should be provided that have the sole purpose of providing 
power to operate those systems necessary to bring the vehicle down under contraHed 
conditions. 

To bring the vehicle down under these cirCumstanoes It will be necessary to operate a 
valve to release some of the IMtIng gas, so that ft will descend due to static heaviness 
(when gross weight exceeds buoyancy). A means to arrest the descent by opening 
another valve to dump ballast, malting it statically light, also will be necessary. Finally, 
when it is known that It can descend safely to a suitable resting place a means to 
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release quickly alt of the gas will be necessary so that It does not t^ke-ofF again or drift 
across the ground. A means to hole the envelope should be provided for this purpose. 
Clearly the vehicle will need to be recovered from its final resting place. If the descent 
procedure is undertaken with due care, there will be no permanent damage and the 
vehicle plus the payload should be able to be recovered Intact for subsequent 
operation. 

The diaphragm 6 is a disc (circular membrane) of light gastight material (envelope 
fabric) that connects continuously to the inner facing vvall of the main stiffening ring 2 

(probably at Us equator level) at e position Just above the capsule suspension system's 

10 radial support lines 1 7 to dose off the upper chamber 1 . 

Prior to filling ihe upper envelope 1 with lifting gas/the upper envelope 1 and stiffening 
ring 2 are filled with air and necessary operations to inspect, make good, test and 
assemble parts that will be inaccessible later era earned out at this stage. The solar 
panels 21 (if not fadoiy fitted) and their backing Insuiatton. valves, r^hls, instniments. 
reinfercemenis. helium fill littbigs and all other upper envelope parts should be fitted, in 
addiUon conduit and systems lines should be routed/fixecl In place. 

The payload capsule upper suspension parts including: radial support lines 17, upper 
support hub 22 and the vertical suspension line 18 should also be assembled and 
installed at this stage from the inner face of the stiffening ring 2. Suspension system 10 
parts previously should have been proof tested by tenslte testing to a level that 
guarantees their Integrity for operation and removes any slack to reduce line length 
changes in operation. 
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In order to get Into ihe upper 1 and lower 3 chambers, suitable manhole posWons plus 
aperture reinforcements will be needed In the upper envelope 1 and Inflation 
diaphregm 6. These must be closed and sealed before lifting gas inflation. 

If the suggested upper mast pole is to. be adoptea thfe also should be Installed, plus 

any associated systems It Is intended to carry. The inflation diaphragm e will be needed 

fior subsequent fifting gas fill operations, so a means to connect the pole to the upper 

support hub 22 with the diaphragm 6 between that can be sealed will be necessary. 

• Also, When the air is exhausted from the various chambers 1.,.2. 3 prior to Qas Inflation, 

the upper envelope 1 needs to be able to collapse completely without restriction from 

the pole. A sealing sleeve from the upper envelope penetration fitting to the upper 

support hub will be needed for this, alsb enabling the pole to. be removed without gas 
' loss. 

To undertake assembly and inspection, worii in the lower envelope 3 chamber before 
lifting gas inflation' it will be necessary to raise tfi4 upper sftucture 1 and 2 from the 
ground. This is done by closing all upper envelop^ l apertures, leaving an aperture in 
the Inflation diaphragm 6 open, slackening the mooring restraint lines 19 arwl then 
blowing more air Into ihe upper chamber 1 allowb^ air to transfer to the lower chamber 
3. The vehicle will then rise supported fay the lower envelope 3 as an air cushion. This 
will permit inlemal/extemal inspedion of the upper portion of the lower envelope 3 for 
pin-hole damage plus basic Integrity and conformance. Any non^nfarmane© aspects 
must be corrected befbre Inflation with :the lifting gas. The height should not be taken 
too far, since the arrangement at this stage will be top heavy - so will need the mooring 
lines to restrain It from rolling. Manhole penetrations in the tower envelope for access 
purposes also will be needed for personnel to undertake this work. These also must be 
closed and sealed before lifting gas inflation, 
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When the work necessary on the upper part of the lower envelope 3 has been 
connpleted, its rnanhole covers should be finalty fitted and then the air allowed to 
exhaust through the upper envelope 1 by simply removing a mver (allowing the air to 
exhaust) until the main strffening ring 2 is seated once more on the ground, taking care 
not to damage the manhole covers beneath In the process. Systems checks, as far as 
possible should be undertaken to confirm con^ct operation. 

When all the above inspe<A6ni correction, assembly, and checkout work has been 
. completed, preparations for gas inflation should be undertaken. Air does. not need to be 
. e^^hausted from the lower chamber 3, since this can be a useful cushion to support the 
upper envelope 1, so the manhole in the inflation diaphragm Q. should be finelly closed. 
Following thfs. plus the removal of all equipment and personnel from inside, all air 
should be evacuated from the upper chamber 1 and the main stiffening ring 2, as 
necessary, causing the assembly to collapse flat against the ground (except for the 
cushion of air trapped In the lower envelope chamber 3). 

Following removal of the ground blower system tubes all: apertures and manhole 
positions must be finally plosed. It will be useful if these apertures are provided with 
sleeves that can be quickly lied off to arrest any flow before installing the covers. Lifting 
gas inflation preparations should follow. - 

The lifting gas may be. helium or hydrogen depending on circumstances of 
acceptability. Hydrogen is a highly Inflammable gas whilst helium is inert. However, 
helium is a rare gas that is very expensive and does not provide such good lift 
characteristics as hydrogen. 
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When the Ilne9 19, 20 to restrain Ihe vehicle have been checked and adjusted to suit, 
the gas plant positioned, the inflation pipes connected to the upper envelope 1 and the 
main stiffening ring preasurisatlon system 12 primed (ready to transfer gas from the 

' upper chamber to fill the tube 2), gas inflation may commence. Gassing should 
proceed at a steady rat^ whilst monitoring the behaviour. It is expected that a bubble 
will rise from the upper envelope and gradually spread out until th« upper chamber 1 is 
filled. In addition, as gas transfers to the main stiffening ring 2 this also should rise until 

" H is full. ' No net, sandbags or other de\ioes, as used in small gas balloori Inflations* are 
expected to be necessary - the mooring system 19, 20 being all thai Is necessary for 
restraint. When the upper envelope 1 is filled, the plant may be disconnected and 
removed. A small reserve of gas should^'be kept at the site for subsequent topping up. 

' 'IWonitoring of the system (pressure watch) will be necessary from this time onwards. 
Also, tension in the mooring lines 19 will have increased, so this should be checked 
and adjusted to maintain a balanced system. < 

Inflated with its Tifting gas (trapped in the upper chamber 1 by the Inflation diaphragm 6) 
subsequent openations that require work inside the lower envelope 3 may be safely 
oonducteNd in an air environment The infteitlon diaphragm. 6 should function as a 
ballonet membrane to accommodate gas expansion through lis distension. Othenvise^ 
pressure may be incnsased in the main stiffening tube 2 to draw off ^as from the upper 
chamber 1. Buoyancy may now also be used to raise the upper structure 1, 2, 3 for 
subsequent work. 

Completion of assembly work should follow with installation of the thrust units 16, 
followed by functional checkout of the systems involved. If the structure 1 , 2, 3 needs to 
be raised for this then the handling systems 20 should be used to do this, allowing 
buoyancy to lift the upper structure 1 , 2. 3 to the height desired as the lines 20 are paid 
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out. Also, if the solar panels 21 were not Installed this should be completed, When 
assembly work Is complete the upper stnicture 1. 2, 3 nay be let up sufficiently, 
restrained by the handling Unes 20, to enable lower end work to be undertaken. 

The payload capsule 9 is a self contained system the assembly work of which can be 
undertaken In parallel with the envelope =1, to inflation, so that it is ready for integratron 
when the- envelope 1, 2, 3 work is complete. It also is envteloned Uiat the capsule 9 
: would be fadoiy completed to a fairly high degree! before $He delivery. DelivBry of this 
: capsule 9 is expected to tie on a maintenance c^dle that can be removed after the 

ground fenders are Installed. After installation ctf the fenders and removal of the cradle, 
the capsule 9 should be able to be freely moved and be free standing on the fender 
- legs without need for anything further. 

After the syst^ has been let up, the Hewer envelope 3 (open at this stage at the 
bottom) and the payload capsule verifcal suspension line IB will hang down freely In a 
natural way from their upper attachments - the tower envelope 3 partially filHng with air 
through the bottom aperture. When things have settled., inspection of the lower 
envelope 3 to the height previously unchecked Intennallyyextemally for pin-hole 
damage, basic Integrity and confomianoe should follow. Any non-confomianoe aspects 
should.be corrected before closing the lower aperture. To facilitate this work the 
slrtjcture should be gradually lowered or raised using the handling restraint line 20 
winches so that work can be conducted at ground level. 

Final assembly work, to fit the lower end components and interconnect with the 
payload capsule 9, is the last thing to do to complete the vehicle. After instelllng the 
suspension system lower support hub 23 and the payload capsule suspension lines 24, 
using damp plates, the lower envelope 3 bottom edge ring 7 and the conical closing 
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gaiter 8 should each be Installed. The paylpad capsule 9 can then be connected to the 
suspension system 10 via Its lower lines 24 and the lower envelope interconnected by 
the tensioning lines 11. System and control lines finally niay be connec±ed to complete 
the vehicle. 

At this siage the lower envelope 3 will be partially full of air that needs to be evacuated. 
Before this is done, a leak and proof pressure test of the lower envelope 3 using air 
should be conducted to demonstrate. Integrity for operation. The ground blower 
therefore needs to be installed and vsed to fully inflate the lower envelope chamber 3 
with air and to pressurise it This check also will enable the final fit to be assessed to 
determine thai the arrangements will function correctly during ioperatlon. Air put into the 
lower envelope 3 will not mix with the already gas Inflated upper chamber 1 because of 
the inflation diaphragm 6. This diaphragm 6 also will keep the gas from escaping when 
the lower envelope 3 is evacuated. 

Having checked the lower envelope's 3 Integrity, the ground air blowers should then be 
set in reverse to evactrate all of the air.from the lower envelope chamber 3. During this 
. stage the lower envelope 3 will draw together and rise (as shown from figures 5 to 3) 
due to atmospheric pressure action. As the air Is . evacuated, the arrangements should 
be checked to determine that the gathering and rising action occurs as expected, 
without causing any problems. Following air evacuation, the ground blower system 
should be removed and the aperture finally closed. For convenience this aperture 
should be near the bottom of the lower envelope 3, be fitted with a sleeve (used to 
dose iQ and be of a fiexibie reinforced type with fabric covers that are then tied 
together id keep the sleeve Inside. 
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At Ihls point the vehicle is nearly ready for operation. However, before this is 
undertalcen. the inflation diaphragm 6 either must be removed or a means to altaw the 
lifting gas to expand Into the lower chamber 3 must be provided. Removal will be 
awkward to undenaice and. although it enables weight to be saved, could be a useful 
feature for future use. Uses could be as fbllowa: 

• As a secondary container membrane to prevent ali of the lift gas being lost should 
there be leakage from the upper envelope 1 - a posslbiilty If a dump valve were 
to sticit or fail in the open position. 

• As a means to raise the upper compartment pressure - a need may exist for this 
if the gas head is msuffldent to stabilise the tipper envelope 1 membrane 4 for a) 
maintenance activities (to allow people to walk on the upper envelope 1) or b) 
operational reasons (If It is found that a higher pressure is needed). 

• For future maintenance and inflatton purposes. 

If, for these or other reasons, the Inflation diaphragm 6 remains as a pemranenl feature 
then ft wai need valves that can be remotely operated to open and to remain open 
through operation until deliberately set to close, indeed, the failsafe action for these 
valves should be that they would only fall In the open position. This will then permit the 
fi«e expansion of the gas. Sizing, position, method of operation and number of valves 
will be for the developer to decide. Also, procedures for the use of these valves will be 
necessary to ensure there is free passage for the. gas to pass through between the 
upper 1 and lower chambers 3. 



To launch the vehicle the following outline procedure will be necessary. 
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It i$ ^sumed that the vehicle is in ils fully moored position as shown In Figure 1 with 
the payload capsule parked to one side. If not already inflated fully with lifting gas, 
chamber 1 is topped up with lifting gas pumped under pressure into the upper chamber 
1. If not already evacuated the lower chamber 3 is evacuated of air as described 
above. The mooring lines are released in a controlled way and as the vehicle ascends 
under remote control from the ground It is flown to a desired geostationary location. 
During ascent and descent the venting means in diaphragm 6 are controlled to allow 
lifting gas to expand into the lower chamber 2 or conttact into chamtTer 1* 

Recovery of the vehicle largely is a reversal of the above procedure, so does not need 
to be elaborated in detail here. In general terms, the ground pilot will set-up the vehicle 
for its descent ^plying nomnai LTA pracUceB and bringing it to an overhead position 
above the mooring site. Prior to capture, a weigh-off will be conducted to set the state 
of equilibrium (static heaviness or lightness) for capture. Whilst the ground pilot 
controls position and height of the vehicle relative to the mooring site the Crew Chief 
will coordinate and control ground operations. After touch down of the recovery/release 
line 25 (to discharge static electricity) a crew member will collect the line 25, connect It 
through the ground anchor ring at the centre of the mooring site, lead it out and then tie 
It off at its side restraint position. At tliis point the vehicle is 'Captured' stiown in 
Figure 3, but without the handling lines 20 connected, and the Crew Chief assumes 
control for subsequent actions. 
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CLAIMS 

1. A flghter-than-alr vehicle comprising; a siruotunal ring member having attached 
around a perimeter Ihereof & first flaxlble gas impermeable membrane, a second 
flexible gas impermeable membrane, and a diaphragm that, at least temporarily, 
is located between the first and second membranes to define an upper chamber 
that is inflatable with a Irffing gas bounded, at least in part, by the first membrane 
and the diaphragm, end a lower chamber bounded at least in part by the second 
membrane and the diaphragm, said diaphragm being either removable after the 

:•*■ - ..B 

Upper chamber is inflated with a lifting gas but prior to the first ascent of the 
vehicle, or having venting means for allowing the lifting gas In the upper chamber 
to expand and pass through the diaphragm during ascent of the yehiele, thereby 
to allow the lifting gas to expand into the space bounded at least in part by the 
second membnane; and a payload capsule suspended from the structural ring 
member. 

* ^1 

2. A vehicle according to daim 1, wherein the structural ring member Is a hollow 

". «, 

Inflatable structure. 

3. A vehicle according to daim 2, wherein the structural ring member is a hollow 
rigid structure. 

4. A vehicle according to daim 2, wherein tlie stmctural ring member i$ a flexible 
structure. 

5. A vehide according to daim 4, wherein the structural ring member has internal 
buil<heads. 
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6. A vehicle according to any one of the preceding ctalms, wherein th© first 
membrane forms a dome shape when inflated. 

7. A vehicle according lo any one of the precedinfl claims, wherein the second 
membrane is of a distended OMilcal shape and Is attached at an upper end 
around a circumference of the structural ring member, . 

a. A vehicle according to any one . of the preoeding ol^ms, wherein the second 
membrane Is provided with a lower ring membsr attadied to a lower end of the 
second membrane, 

9. A vehicte iaccordlng to any one; of the preceding claims wtierein a payload- 
capsule suspension system is provided oomprising tie members that extend In a 
radial direction from the structural /-Jng member lo an upper hub assembly, and a 
downwardly directed tie member that extends vertically from the upper hub 
assembly, and the p^oad capsule is connected to a lower support hub atteched 
to the lower end of the downwmdiy directed tie member. 

10. A vehicle according to claim 9, wherein the lower ring member is moveable 
veitically relative to the downwardly directed .tie lYiember. 

11. A vehicle according to claim 10, wherein the payload capsule Is attached lo the 
lower ring member by way of nsftradable tension lines that urge the lower ring 
member towards the payload capsule. 
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12. A vehfde according to any one of claims 8 to 11, wherein a gaiter Is provided 
between the lower ring member and the lower support limb to allow vertical 
movemeni of the lower ring relative to ttie lower eupport limb, 

13, A vehicle according to any one of the preceding claims wherein the diaphragm is 
connected to the structural ring member by a joint that^enabies the dtephragm to 
be removed prior to.the fltet ascent of the vehWe. 

. • ♦ 

14. A. vehicle according to any one of the preceding claims.fwherein the diaphragm is 
provided with controlled venting means for alfawlng lifHng gas from the upper 
chamber to expand and flow through the diaphragm into the lower chamber in a 
controlled manner. 

15. A Vehicle according to any one of the preceding claims, wherein propulsion 
means are connected to the structural ringmember. 

16. A vehicle according to any one of the preceding dalms. wherein solar power 
panels are located on the upper membrane. 

17. A vehicle according to any one of the preceding claims, wherein a mast is 
provided that projeds upwardly flrom the upper membrane of the upper chamber. 

18. A method of launching a vehicle constructed In accordance with any one of the 
preceding claims, the method comprising securing the vehicle tq the ground by 
mooring lines inflating the upper chamber with a HfHng gas that is lighter than air, 
evacuating the lower chamber to provide a volume for receiving expanded lifting 
gas from the upper chamber, and releasing the mooring lines. 
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A method according to daim 18, including the steps prior to Inflating the upper 



pressurised air so es to raise the structural ring member and the upper diamber 
from the ground, and svlsequently evacuating the upper chamber of air. 

A lighter-than-air vehida substantially as herejnbeTor^ descnlaed. 

A lighter-than-aIr vehicle subsfantiaUy as hereinbefore described by nrfer©n«» to 
or as illuslreled In any one of Figures 1 to 5. .. 

A method of launching a vehicle constructed In accordance with any one of 
claims 1 to 17 and 5ul>stanBalIy as herelnbeR»r© described. 



chamber with the lifting gas of Inflating the upper and lower chambers with 
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ABSTRACT 



A Hghter-than-air vehicle comprising a stmctural member (2) in the form of a torofdal 
ring having attached around a perimeter thereof a first ftexible gas impermeable 
membrane (4), a second flexible gas impemieable membrane (5). and a diaphragm (6) 
thai, at least temporarily, is located between ihe first and second membranes (4.5).. An 
upper Inflatable lifting chamber (1). bounded at least In part by the first membrane (4) 
and the diaphragm (6), is frifiatable vrfth a lifHng gas. A lower chamber (3). is provided. 
This Chamber (3) is bounded at least In part by the second membi^ne (5) and the 
diaphragm (6). The diaphragm (6) is either removable after the upper chamber (1) is 
Inflated-with a iffling gas but prior to first ascent df the vehicle, or It remains in place 
and is provided with means forrallowing the lifting gas In the upper chamber (1) to 
expand and pass through the diaphragm (6) during ascent of the vehicle. This aUows 
the lifting gas lo expand into the space bounded at least In part by the second 
membrane (5). 



RS/JW/P04135GB 
Novembtff 4, 2003 



l^AURENCE SHAW & ASSOCIATES; 



01214544523; 



4-NOV-03 18:40; 



Page- 'M/'a/ 




THIS PA6E BLANK (USPTO) 



PCT Application 

PCT/GB2004/000742 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

i^feLACK BORDERS 

5^IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
E^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

^^LOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



